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(54) Detection of instantaneous position of the rotor of a brushless DC motor driven In a tripoiar 
mode 



(57) The sensing of the rotor position for synctiro- 
nizing the drive of a multiphase brushless motor when 
driven in a "multipolar' mode is carried out by interrupt- 
ing the driving current in at least one of the windings of 
the motor coupled with a zero-cross sensing ctrcuit of 
the BEMF signal (BEMF DETECT CIRCUIT), by means 
of a first logic signal (ENABLE), enabling a logic gate 

MOTOR WrNDZNG 



(AND) for asserting a zero-cross event detected by the 
circuit, by a second logic signal (MASK) and simultane- 
ously resetting the first (ENABLE) and second (MASK) 
signals after a certain period of time from the instant of 
interruption. 



SENSEU 



MASK 



ENABLE 
SENSED ZC 



— T L 

T '. r 

n. 



o> 

CO 
CM 

o> 

CO 

o 

Q. 
LU 



FIGURE 7c 



Primed by Xerox (UK) Busmess Services 
2.16.7/36 



EP 0 892 489 A1 



Description 

Field of ApplicatiQn of the Invention 

The present invention relates to a method for sens- 
ing the instant rotor's position of a DC bnishless motor, 
a necessary requisite for its driving. 

Background of the Invention 

The "brushless" motor consists of a permanent 
magnet rotor arvj a stator made up of a number of wind- 
ings that may be connected in a star configuration or 
completely irxleperxjent from each other. 

tn the first case there exist externally a nivnber of 
ternrHnals equal to the number of motor's phases (even- 
tually +1 if the star center must be accessed); in the 
second case reference is made to motors with inde- 
pendent phases and both terminals of each winding are 
available externally. 

These nx>tors are used in hard and floppy disk driv- 
ers. DVD (digital video disk) drives, in tape videorecord- 
ers. CD players, etc. 

In the majority of cases, brushless motors are 
threephase and the driving circuit is generally com- 
posed of integrated circuits whose output stages drive 
the phase windings and may either comprise a threep- 
hase full wave half-bridge circuit in the case of motors 
connected in a star configuration, or three full-brkJge cir- 
cuits in the case of indeperxlent phase motors. 

Rg. la shows a threepfiase independent phase 
brushless motor and the relative independent full-bridge 
output stages that drive the respective wirKlings, 
whereas Rg. lb illustrates the output stage required for 
driving a threephase brushless motor with wirxjings 
connected in a star configuration. 

By way of simplification, let us consider the typical 
case of a threephase motor driven in a bipolar mode in 
which, at each instant, two phase windings are powered 
while the third phase winding is momentarily unpowered 
(full-bridge or half-brkJge output node in a state of high 
impedance). 

The phases windings are switchingly driven accord- 
ing to a cyclic sequence which must be synchronized 
with the rotor's instantaneous position which, in a bipo- 
lar driving mode, may be determined by analyzing the 
back-electromotive-fbrce (BEMF) monitored on winding 
ttiat is momentarily unpowered or sensed by Hall-effect 
sensors (more expensive solution seldom used). Nor- 
mally, such a BEMF monitoring detects the zero cross- 
ing of the BEMF that has a sinusoidal or in any case 
periodical waveform, generally referred to as "zero- 
cross" instant. 

The time interval between two successive zero- 
crosses is indicated with Tc. 

Alternative driving modes for this type of motors are 
respectively the so-called unipolar mode, in which the 
sensing of the rotor's position may be made in the same 



way as in the bipolar nnode and the so-called tripdar 
mode, wherein the sensing of the rotor's position cannot 
be made according to the above noted techniques 
because all the motor's windings are always powered. 

5 As a matter of fact, in a tripolar mode three voltages 
(or currents), generally sinusoidal, out-of-phase by 120 
electric degrees among each other generating a stator 
rotating field, are forced on the three windings, respec- 
tively, of a threephase motor. 

10 In a tripolar mode, the sensing of the rotor's position 
generally requires the use of sensors or of electronic cir- 
cuits that provide a de-facto "reconstruction" of the 
induced BEMF voltage on the windings, once the 
motor's electric parameters are known. A solution of this 

15 type is disclosed in the European patent application No. 
96830440.2 of the same applicant 

An information on the rotor's instantaneous position 
is necessary for drivir>g a "synchronous" motor such as 
a brushless motor and it is furxlamental for optimizing 

20 the driving because the system's efficierx:y is a function 
of the phase relationship between the driving voltage (or 
current) and the rotor's positioa 

The method for monitoring the instantaneous 
rotor's position used in a bipolar or in an unipolar driving 

25 mode are unsuitable in case of a tripolar mode because 
each winding is constantiy subjected to a driving volt- 
age, thus inpeding to monitor the BEMF induced on tiie 
winding. 

According to the prior art. this inat>ility was over- 
30 come by employing position sensors, for example Hall 
effect sensors or. as an alternative, relatively complex 
electronic circuits capable of "reconstiojcting" a BEMF 
signal once the motor's electric parameters (resistance 
and inductarxie) are known. 

35 

Summary of the Invention 

The idea behind this invention is that of realizing 
sensing system of the rotor's position of a multiphase 

40 brushless DC motor, driven in a mode as to have ail its 
phase windings powered, t)ased on generating a "tem- 
poral window" of brief duration during which the output 
node of one of the continuously half-bridge stages that 
drive the respective windings is set to a state of high 

45 impedance (or one of the full-bridges in the case of driv- 
ing a motor having irxiependent phase windings) thus 
permitting a BEMF detection in the particular phase 
winding connected to it. 

The temporal window may have a constant duration 

so independent of the actual speed of the motor, or a vari- 
at^le duration dependent on the motor's speed or. 
according to a preferred emtxxjiment. a variat^le dura- 
tion dependent on other parameters such as the actual 
instant of sensing a BEMF zero-cross and the correct- 

55 ness of such a sensed zero-cross instant in respect to 
the expected instant. 

The method of this invention is applical>le to both 
current-mode and voltage-mode driving independently 
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of the periodic waveform of the driving currerrt or voltage 
used. 

Essentially the method of the invention consists of: 

interrupting the driving current in at least one of the s 
phase windings of the motor, for example by placing 
in a condition of a high impedance (tristate) the out- 
put node of the respective driving stage of said 
winding, by means of a first logic command (ENA- 
BLE): 

enabling a logic gate asserting a zero-cross event 
sensed by a dedicated sensing circuit, after a cer- 
tain time from the instant of said interrupting, by 
means of a another logic command (MASK); 75 



DC nrwtors with ind^endent phase windings; 

Rgure 1 b shows a threephase lull-wave half -bridge 
power stage driving a threephase brushtess DC 
motor with phase wirKling connected in a star con- 
figuration; 



Rgure 3a shows a possible temporal window 
implementation on a single phase, once per electric 
period, according to the method of the invention; 



Rgure 2 shows the sinusoidal driving signals (volt- 
ages or currents), applied to the respective motor 
10 windings and the relative BEMFs induced on the 
windings by the rotor's rotation; 



resetting txjth said logic commands (ENABLE and 
MASK) upon the assertion of a zero-cross event by 
said logic gate. 

20 

According to an alternative emlxxjlment contem- 
plating a preliminary annprrfication stage of a sensed 
BEMF signal before feeding it to the input of a compara- 
tor detecting a zero-cross of the BEMF signal, the 
method of the invention may be modified as follows: 2S 

interrupting the driving current in at least one of the 
phase windings of the motor, for exanple by placing 
in a condition of a high impedance (tristate) the out- 
put node of the respective driving stage of said 30 
winding, by means of a first logic command (ENA- 
BLE); 

short-circuiting the inputs of a differentia! amplifier 
amplifying a BEMF voltage sensed on said winding. 35 
for a preestatMished interval of time starting from 
the instant of said interrupting of the driving current, 
by means of a second logic command (SWITCH); 

enabling a logic gate asserting a zero-cross event 4o 
sensed by a dedicated sensing circuit, after a cer- 
tain time from the instant of said interrupting, by 
means of a third logic command (MASK); 

resetting both said logic commands (ENABLE and 45 
MASK) upon the assertion of a zero-cross event by 
said logic gate. 

Brief Descriotion of the Drawincs 

The different aspects and advantages of the 
method of the invention will t>ecome even more evident 
through the following description of some preferred 
embodiments and by referring to the attached drawings, 
wherein: 

Figure la shows a power stage consisting of three 
full-bridges used for driving threephase brushless 



Rgure 3b shows an alternative temporal window 
implementation on a single phase, twice per electric 
period, according to the method of the invention; 

Rgure 3c shows an alternative temporal window 
implementation on all three phases, once per elec- 
tric period, according to the method of the inven- 
tion; 

Rgure 3d shows an alternative temporal window 
implementation on all three phases, twice per elec- 
tric period, according to the method of the Inven- 
tion; 

Rgure 4a shows the drive voltage and BEMF sig- 
nals relative to a motor's phase winding when the 
period Tc is corectiy estimated with a temporal 
window of constant duration and the zero-cross 
assertion signal occurring in tiie temporal window; 

Rgure 4b shows the same signals of Fig. 4a in a 
case of overestimation of the Tc; 

Rgure 5a represents the drive voltage and BEMF 
signals relative to a motor's phase winding when 
the period Tc is con-ectly estimated with a temporal 
window of variable duration in function of the zero- 
cross sensing instant and of a correct and incorrect 
estinrtate of the zero-cross instant; 



Rgure 5b represents the drive voltage and BEMF 
signals relative to a motor's phase winding when 
overestimating the period Tc with a temporal win- 
so dow variable duration in furxition of the zero-cross 
sensing instant and of a correct and incorrect esti- 
mate of the zero-cross instant; 

Rgure 5c represents the drive voltage and BEMF 
55 signals relative to a motor's phase winding when 
overestimating the period Tc with a temporal win- 
dow variable duration in function of the zero-cross 
sensing instant and of a correct and incorrect esti- 
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mate of the zero-cross instant: 

Rgure 6 is a block diagram of a circuit implement- 
ing the method of the invention; 

Rgure 7a is a circuit diagram of the BEMF 
DETECT CIRCUIT block of Fig. 6, according to a 
first embodiment: 

Figure 7b is a circuit diagram of the BEMF 
DETECT CIRCUIT block of Fig. 6. according to 
another embodiment. 

Description of several Embodiments of the Invention 

For analyzing the operating principle of the inven- 
tion let us consider a nnost common type of brushless 
OKrtor, the threephase one. The described concepts 
remain however applicable to any multiphase brushless 
nnotor vwth phase windings connected In a star configu- 
ration or independently connected, driven either in a 
voltage-mode or in a current-mode according to any 
predefined periodic waveform. 

As previously cited, the brushless nx3tor is a "syn- 
chronous" one and this implies the necessity of forcing 
driving currents through the motor*s phase windings 
synchronously to the rotor's position, in order to maxi- 
mize the torque produced at the shaft, therefore syn- 
chronously to the BEMF signals induced in the 
respective phase windings. 

Rg. 2 shows three driving signals (V phase A. V 
phase B and V phase C). in the example considered 
having a sinusoidal profile, which are applied to the 
respective wirxlings. 

The choice of a sinusoidal waveform is not the only 
possit)le, other periodic waveforms such as a trapezoi- 
dal waveform may also used. 

in voltage mode the signals represent voltages: 
while in current mode tt>e signals represent currents 
forced through the respective phase windings. Of 
course. In either case it Is fundamental in order to obtain 
the maximum torque to ensure synchronism of the cur- 
rents flowing through the phase windings with the rotor's 
position, that is, with the BEMF voltages induced in the 
windings by the rotor's rotation, by considering that in 
the case of a vottage-nxxie driving there exists a certain 
phase angle between the drive voltage applied to the 
windings arxJ the relative currents flowing through them. 

As far as the addressed problems and the solution 
provided by this invention, this distinction between volt- 
age and current modes is sutjstantially irrelevant and in 
the ensuing description driving signals will not be identi- 
fied as being either voltage or current signals. Indica- 
tively. Rg. 2 conventionally shows the relative back- 
electromotive force signals (bemf A bemfB and bemfC) 
in phase with the driving ''signals". 

More in general, for each sensed zero-cross of an 
induced back-electro motive force sgnsU, it is necessary 



6 

to set the driving signal or signals in a manner to keep, 
between tiie two type of signals, a certain optimal phase 
angle (that can be null in the case of current mode sig- 
nals). 

5 In order to simplify the ensuing descriptions, it will 

be assumed to keep in phase the driving signal with a 
zero-cross assertion signal of the BEMF voltage moni- 
tored on at least one of the phase windings. 

The method of detecting the rotor's position of this 

10 invention may be implemented alternately either by real- 
izing a temporal window of constant duration or a tem- 
poral window whose duration is a function of the motors 
speed, or a temporal window whose duration is a func- 
tion of the instant of detection of a zero-cross (which 

IS event determines the end of tfie tenporal window) and 
of a correct or incorrect estimate of the zero-cross 
instant (which estimate determines the beginning of the 
temporal wirxJow). 

Each type of temporal window is applicable in mon- 

20 itoring the BEMF on a single phase wirxJing (sensing of 
the zeroK:ross in only one phase winding) or in monitor- 
ing the BEMF on different phase windings (sensing of 
the zero-cross on several or on all the phase windings). 
Moreover; it is applicable only once per electric period 

25 (sensing of one zero-cross for each BEMF electric 
period) or twice per elecbic period (sensing of the zero- 
cross for both positive and negative gradient of the 
BEMF for each elecbic period). 

Therefore, in a threephase motor, the number of 

30 temporal wirxJows that way be implemented may range 
from one per electric period (a window per period and 
for a signal winding) to a maximum of six per electric 
period (two windows per period and for all three wind- 
ings). 

35 Rgures 3a. 3b. 3c. 3d illustrate some examples of 
realization of such a tenporal window. 

Rg. 3a illustrates the case of a temporal window in 
the driving of a phase winding, realized once every elec- 
tric period. Fig. 3b illustrates the case of a temporal win- 

40 dow in the driving of a single phase winding, realized 
twice every electric period. Rg. 3c illustrates the case of 
a temporal wirxlow in the driving of all three wirxlings, 
realized once every electric period. Fig. 3d illustrates 
the case of a tenporal window realized twice every 

45 electric period in the driving of all tiiree windings. 

Let us consider the case of a temporal window real- 
ized for a single wirxJing once every electric period and 
that the zero-cross to be sensed be relative to a positive 
gradient of the BEMF signal. The following considera- 

so tions remain however applicable also to any other case. 
Let us further assume to be driving the nxjtor in a 
voltage mode according to a predefined sinusoidal volt- 
age profile, in phase with the BEMF signal and to be at 
tiie erxJ of a start-up phase, that is in a situation where 

55 the BEMF has already assumed a sufficiently large 
anrplitude to be detectable by ordinary comparator 
means. 
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Case: Window of constant temporal duration 

By assuming to know the value of the last Tc 
(period of time between two successive zero-cross 
events) at the end of the start-up. a condition that may 
be easily assured by setting a sufficiently ample tempo- 
ral window, it is possible to forecast with a sufficient pre- 
cision the instant when the next zero-aoss shall occur 
and therefore of the new Tc value. 

Eventual forecast errors would be essentially due to 
impredseiy estimated acceleration or deceleration, 
however these errors may be recovered by monitoring 
the BEMF "level" rather than its zero crossing. 

If, as supposed, a single window every BEMPs 
electric period looking for its zero crossing with positive 
gradient is implemented, a positive BEMF value, at the 
instant of the opening of the tenrporal window, is possi- 
ble only if the new Tc was overestimated, that is. when 
the zero-cross (ZC) occurs before the start of the tenrv 
poral window. 

This error can be partially recovered by monitoring 
the level of the BEMF rather than it zero-cross. The 
expression "SENSED ZC" refers to the signal repre- 
sentative of the BEMF level. 

The occurrence of a situation as the above (zero- 
cross occurring before the start of the temporal window) 
is used for estimating the new Tc and hence for choos- 
ing the strung instant of the next temporal window. 

Rg. 4a shows the BEMF and the driving signal rel- 
ative to a phase winding for the case of a correct Tc esti- 
mate with a temporal window of constant duration. 

As observed in Rg. 4a. the BEMF zero-cross is 
detected within the temporal window. 

Rg. 4a also reports the "SENSED ZC" signal on the 
rising front of which (because the BEMF zero-cross 
being looked for is the one with a positive gradient) it is 
be assumed that the zero-cross has occurred. Obvi- 
ously, the updating of the SENSED ZC signal takes 
place within the temporal window where it is assumed 
that the zero-cross occurs. 

In the case of a correct Tc estimate such a 
SENSED ZC signal is perfectly in phase with the zero- 
cross signal. 

Fig. 4b shows the driving and BEMF signals relative 
to a phase winding for the case of an overestimation of 
Tc. 

The SENSED ZC signal will assume a high logic 
le^el at the instant of opening of the temporal window 
because the zero-cross event has already occurred. 

Based on the atxve, it is possible, once the likely 
values of the accelerations are estimated for the partic- 
ular application, to set a window of constant temporal 
duration for sensing of BEMF zero-cross as it occurs or 
with a negligeable delay in case of estimating errors of 
the Tc value. 



Case: Window of temporal duration in function of ttie 
motor's speed 

The method remains similar to the one described 
5 for the preceding case with the only modification of the 
window temporal duration that is a function of the speed 
of the nxjtor. For exanrple. it may be established to real- 
ize a window the tenrporal duration of which is equal to 
a fixed percentage of the current Tc value. 

10 

IN" Case: Window of temporal duration in function of the 
zero-cross instant and of its correct or incorrect forecast 

Also in this case, the start of the window is defined 
IS according to the same mechanisms as in the two pre- 
ceding cases, that is, by estimating the ir^tant when the 
next zero-cross is expected to occur. 

To facilitate a recovery in case of an underestima- 
tion of the accelerations, it is still possible to monitor 
20 analyze the BEMF level and not just its passage tiirough 
the zero level. 

According, to this embodiment, the occurrence of 
the BEMF zero-cross before the window opens serves 
to estimate the new Tc and thence to define the starting 
25 instant of the next window. 

In this embodiment, tiie closing instant of tiie win- 
dow depends on the zero-cross occurrence itself, that is 
the window is terminated at a certain instant tied to the 
sensing instant of the zero-cross. The window may ter- 
30 minate at the zero-aoss instant or after a preestab- 
lished delay. 

Thereby, by using the SENSED ZC signal and wait- 
ing for its zero-cross to command the closing of the win- 
dow besides underestimations of accelerations also 
35 accidentat deceleration are easily recoverat}le because, 
once a tenrporal window is started, it remains open until 
a zero-cross is detected which in case of a deceleration 
will take place with a certain delay after the forecast 
instant. 

40 If at the opening of the window the BEMF level indi- 
cates that tiie expected zero-cross has already taken 
place, besides an instantaneous updating of the 
SENSED ZC signal, it is also defined at which instant 
the window will terminate. 

45 Therefore, the window duration will be determined 
by the precision with which the zero-cross instant is 
forecast. 

Rgures 5a, 5b. and 5c illustrate the functioning 
according to this embodiment, for the case of a correct 
50 estimation of an overestimation and of an underestima- 
tion of the new Tc. respectively, for the case in which the 
end of window is set to coincide with the rising front of 
the SENSED ZC signal. 

This particularly preferred emtxxliment has the 
55 advantage of a substantial absence of critical aspects 
even during unforeseen accelerations and decelera- 
tions of the motor. 

Rg. 6 shows a general block diagram of a circuit 
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implementing the method of the invention for driving a 
brushless nrwtor. 

The diagram refers to the case of a conrpletely dig- 
ital voltage mode driving, according to which the voltage 
profiles that are applied to the motor's windings are per- s 
manently stored in a ROM memory. 

The diagram is a simplification of the one described 
in the European patent application No. 96830295.0 
dated May 22, 1996, by the same applicant The main 
functions of the various blocks may be indicated as fol- ic 
lows. 

The "ROM" block contains the samples of the 
desired waveform to t>e applied to the motor's windings. 

By supposing to have 36 digital samples to approx- 
imate the waveform and to require an 8-bit resolution. 75 
then an 8x36 memory will be required. 

The bk>ck "DIGITAL MULTIPL" multiplies by a con- 
stant the digital datum output by the ROM. The constant 
is calculated by the "K CALC block in function of the 
signal output by the "PLL" blocK wherein a error signal 20 
between the real and the reference speed is generated. 

The "PWM CONVERTER" block converts a digital 
value (byte) into a duty-cyde (P\/VM). A PWM signal that 
reproduces the sample value that in that moment is 
pointed to the ROM memory, multiplied by KVAL, is out- 25 
put. 

The "FREQUENCY MULTIPL" bk)ck multplies by 
36 the motor's electric frequency (1/Tc). This is neces- 
sary because this signal will be used for scanning the 
ROM memory which stores the voltage profiles (since 30 
there are 36 samples, the scanning must occur at a fre- 
quency 36 times greater than the motor's electric fre- 
quency). 

The "WINDOW" signal sets a brkJge (or half-bridge) 
output in a state of high impedance, thus allowing for a ss 
zero-cross sensing of a BEMF induced on the winding, 
which event will be manifested at the output of the 
"BEMF DETECT CIRCUIT" and affirmed tiy the logic 
AND gate . as shown in more details in embodiments 
shown in Fig. 7a and 7b. respectively. 4C 

In a more general case of simply employing a com- 
parator COMP for detecting a zero-cross of the sensed 
BEMF signal, as depicted in Figure 7a« the block BEMF 
DETECT CIRCUIT receives the "MASK" signal whose 
purpose is that of masking spurious assertions of a v 
zero-cross everrt in correspondence of the beginning of 
the temporal wvindow that may be caused by an abrupt 
interruption of the current in the wiriding. 

In applications where the BEMF signal has a partic- 
ularly low amplitude and/or in exceptionally noisy condi- so 
tions. an amplifying stage OP-AMP followed by a low- 
pass filter F(S) may be used for feeding to the input of 
the comparator COMP an amplified and filtered BEMF 
signal, as depicted in Rgure 7b. 

In such an emtxxliment. in order to prevent spuri- 55 
ous assertions that couki be due to noise induced by 
the abrupt current interruption in a mota winding and 
for preventing excessively large signals at the input of 



the operational amplifier OP-AMP during the masking 
period, a third logic command "SWITCH" may be 
enrployed to shortdrcuit the inputs of the sensing oper- 
ational amplifier during the masking interval following 
the activation of the ENABLE command. 

Of course, in many situations, the use of an opera- 
tional amplifier and of a low pass filter and eventually 
also of the relative disak)ling command SWITCH may 
noi oe necessary and the BEMF signal may be fed 
directly to the inputs of the comparator COMP. as 
depicted in Fig. 7a. 

For a fully digital system as the one taken into con- 
sideration, an efficient temporal window may be realized 
as follows: 

from the forecast instant for a new zero-cross, the win- 
dow may be set to begin in corresporxJence of the "n" 
sample (where n ranges from 1 to 36 as shown in Rg. 
6). A zero-cross ser>sing is then waited for before termi- 
nating the window. 

Thereafter, if the BEMF zero-cross occurs within 
the window (that is following a correct estimation of the 
Tc) the next window opening will be set to occur in cor- 
respondence of the "rvi-1 sample". 

If for a temporal window a zero-cross has already 
occurred, the window will be immediately closed and 
the SENSED ZC updated as prevfously described. The 
occurrence of such a condition will cause the next tem- 
poral window to initiate in correspondence of the sam- 
ple n-1. 

This brings to a automatic sizing and positioning of 
the window along the time axis. 

Hence, a mechanism will be active whereby the 
temporal window will undergo a continuous adjustment 
atx3ut its precise coincidence with the zero-cross event. 
This mechanism may be checked by fixing a minimum 
duration of the window. 

In a system using 36 samples, when the zero-cross 
occurs in the proximity of the last sample the window 
may be set to begin not earlier than the 34th sample. 

Any type of temporal window may t>e realized only 
for one phase winding (sensing of the zero-aoss on a 
single motor's phase winding) or for more wirxlings 
(sensing of the zero-cross on more nxrtor phase wind- 
ings), it may be realized only once per electric period or 
Iwice per electric period (for sensing the zero-cross 
\/ents vwth both positive and negative gradients every 
. L^MF electric period). 

The technique of the invention is applicatsle to any 
multiphase brushless motor, with the windings corv 
nected in a star configuration or connected independ- 
ently, driven in voltage-mode or in current-mode and for 
any predefined waveform. 

Claims 

1 . Method of sensing the position of the rotor of a nrul- 
tiphase brushless motor equpped with at least a 
zero-cross detecting circuit (BEMF DETECT CIR- 
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CUIT) of the voltage induced on a respective phase 
winding of the motor, driven in a multipolar mode, 
characterized in that it comprises the following 
operations 

5 

interrupting the driving current in at least one of 
the phase windings of the motor coupled with 
said circuit (BEMF DETECT CIRCUIT), by 
means of a fiist logic command (ENABLE); 

10 

enabling logic gate (AND) asserting a zero- 
cross event detected by said circuit after a cer- 
tain time from the instant of said interrupting, by 
means of a second logic command (MASK); 

15 

resetting txjth said commands (ENABLE, 
MASK) after a certain period of time from said 
instant of interrupting. 

2. The method of claim 1 . characterizing by conpris- 20 
ing further the following step: 

short-circuiting the inputs of a differential ampli- 
fier (OP-AMP) of said sensing circuit (BEMF 
DETECT CIRCUIT) for a preestat)lished period 25 
of time from said instant of interrupting, by 
means of a third logic command (SWITCH). 

3. The method of claim 1 , in which reset of said first 
and second commands (ENABLE. MASK) occurs 30 
after a period of time proportional to the instantane- 
ous speed of the motor. 

4. The method according to claim 1 . in which reset of 
said first and second commands (ENABLE. MASK) 35 
occurs upon the output of an assertion signal of a 
zero-cross detection by said logic gate (AND). 

5. The method of daim 1 , in which each phase wind- 
ing is coupled to a respective sensing circuit (BEMF 40 
DETECT CIRCUIT), 

6. The method according to claim 1, characterized in 
that said first logic command (ENABLE) has a con- 
stant and preestablished duration. 45 

7. The method according to claim 1 , characterized in 
that said first logic command (ENABLE) has a dura- 
tion equivalent to a constant and preestablished 
percentage of the phase switching frequency of the so 
nrrotor. 

8. The method according to claim 1. characterized in 
that the temporal duration of the interruption of the 
drive by said first logic command (ENABLE) is ss 
dynamically regulated in function of a correct or 
incorrect forecast of the next zero-cross instant. 
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9. A system for driving a multiphase brushless motor 
comprising a plurality of power stages driving as 
may phase windings (3X POWER SECTION), non- 
volatile storage means (ROM 8X36) of a preestab- 
lished digitized driving current or voltage waveform 
for said phase windings, a plurality of digital/analog 
converters to convert the digital value of each sam- 
ple of said digitized waveform in an analog driving 
signal, means for syrK:hrontzing the conversions of 
the samples read from said storage means with a 
signal representative of the rotor's positron, pointing 
means (FREQ. MULTIPL) of each sample of a 
conplete sequence, logic means reconstructing a 
plurality of mutually out of phase sequences, of said 
driving current or voltage waveforms, from said 
stored samples (DIGITAL MULTIPL. 3X PWM 
CONVERTER. 3X POWER SECTION), said syn- 
chronizing means comprising a circuit sensing at 
least a zero-cross of at least a back electromotive 
force signal induced on a motor's phase winding 
(BEMF DETECT CIRCUIT) characterized in that 
said sensing circuit it comprises 

a comparator (COMP), the input of which is 
coupled to the voltage present on said phase 
winding: 

first logic means generating a first logic com- 
mand (ENABLE) capable of setting in a condi- 
tion of a high impedance (tristate) the output 
node of the driving stage of said phase wind- 
ing; 

a logic gate (AND) for generating a.zero-cross 
assertion signal; 

second logic means generating a second com- 
mand (MASK) for enabling the output of a zero- 
cross assertion signal by said logic gate (AND), 
after a certain time interval from the instant of 
said interruption; 

said first and secorxi logic means resetting said 
first (ENABLE) and said second (MASK) com- 
mands after a certain interval of time. 

10. The system according to claim 9. characterized in . 
that it comprises further 

a differential anrplifier (OP-AMP) having inputs 
coupled to said phase winding arxJ a low pass 
switched capacitor filter (F(S)) in cascade of 
the output of said amplifier (OP-AMP) feeding a 
amplified and filtered BEMF signal to the input 
of said comparator (COMP): 

third logic means generating a third logic com- 
mand (SWITCH) for closing for a predeter- 



7 
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mined interval of time starting from the 
switching instant of said first logic command 
(ENABLE), a short-circuiting switch connected 
across the input nodes of said differential 
anrplifier (OP-AMP). 5 
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